Introduction

Populations
of Drosophila subobscura from the Canary Islands have been studied at the chromosomal (Prevosti 197 1, 1974; Prevosti et al. 1975 ) , enzymatic (Cabrera et al. 1980 (Cabrera et al. , 1983 Larruga et al. 1983) , and mitochondrial DNA levels (Latorre et al. 1986; Afonso et al. 1990 ). Prevosti ( 1974) observed that the level of chromosomal polymorphism in the Canary Islands is lower than that on the continent and that the polymorphism in the islands is also qualitatively different from that on the adjacent mainland (South Morocco), suggesting that Canarian populations have been long isolated. Studies at the enzymatic (Larruga et al. 1983 ) and mitochondrial DNA levels (Afonso et al. 1990 ) have also shown that those populations differ from both European and African populations. In the present paper we analyze both ( 1) nucleotide variation in a region that includes the rp49 gene (ribosomal protein 49) and ( 2) chromosomal polymorphism for a population of D. subobscura from the island of Tenerife (Canary Islands). The rp49 gene is a nuclear single-copy gene located in segment I of the 0 chromosome (band 9 1C) of D. subobscura ( AguadC 1988) . Variation in this region has been previously assayed in two European populations of this species (Barcelona and Ter Apel, The Netherlands) (Rozas and AguadC 1990) .
Material and Methods Fly Samples
Fiftylfour isofemale lines of Drosophila subobscura were established from wildcaught flies collected at Las Raices (Tenerife) in June 1987. The balancer stock for the 0 chromosome Va/Ba (Sperlich et al. 1977 ) was used to obtain heterozygotes of 
NOTE.-The coordinate position of each polymorphism is that of Aguadk ( 1988) . Numbers in parenthesis are haplotype numbers when only restriction-site polymorphisms are considered; nomenclature is that of Rozas and Aguadk (1990) . A plus sign (+) indicates presence of a restriction site; a minus sign (-) indicates absence of a restriction site or of an insertiondeletion. I/D = insertion-deletion. Length variants are indicated by numbers according to Rozas and AguadC (1990) . The approximate sizes are as follows: for I/Dl, tl indicates an insertion of 3 bp, and -1, -3, and -4 indicate deletions of 3, 9, and I2 bp, respectively; for 1/D2, t 1 and -1 indicate, respectively, an insertion and a deletion of 1 bp; for I/D3, t2 and -1 indicate, respectively, an insertion of 5 bp and a deletion of I bp; for I/D4, I and 4 indicate, respectively, deletions of I and 5 bp. the wild chromosome over the Ba chromosome, as described by Rozas and AguadC ( 1990) . The haplotype of the wild chromosome can be unambiguously determined, because the haplotype for the rp49 region of the Ba chromosome is known.
Cytological Analysis
For each line the chromosomal gene arrangement was determined by observing polytene chromosomes from larvae obtained by crossing an F2 male (Va/O,,) with females from a strain homozygous for the 03+4+7 gene arrangement.
Restriction-Map Analysis
Methods were as described by Kreitman and Aguadt! ( 1986) ) and seven tetranucleotide-recognizing restriction enzymes were used: &I, D&I, HaeIII, HhaI, MspI, Sau 3A1, and TaqI. The probe used, a 1.6-kb gel-purified AvaI-EcoRI fragment ( Aguadk 1988), includes the complete coding region of the rp49 gene and the last 50 nucleotides of the serendipity gene from D. subobscura. Restriction-site polymorphisms have been scored based on knowledge of the sequence for the rp49 region. Length variants scored in the same restriction fragment were considered as a single polymorphism. present only once in the sample, the rest ranging in frequency between 0.037 and 0.130 ( fig. 2) .
All four insertion/deletion polymorphisms detected (i.e., 3, 7, 10, and 12) show more than two length variants, varying up to 15 t-1 bp in length. Length polymorphisms 3, 10, and 12 are located in regions with either different repeated short motifs or polyA / polyT runs, suggesting that they might be generated by mispairing (Levinson and Gutman 1987 ) .
Twenty-three different haplotypes have been identified ( 16 of them being unique) when all variation is considered (table 1) . Only 12 have been identified when only restriction-site polymorphisms are considered.
Nucleotide diversity was estimated by three different methods (Engels 198 1; Hudson 1982; Nei and Tajima 1983) . Engels' and Nei and Tajima's methods gave similar results (0.00272 and 0.00278, respectively), but these estimates were lower than Hudson's (0.00642 ). Hudson's estimator differs from the others because it takes into account the number of polymorphisms but not their frequency. Although its higher value might be explained by the frequency spectrum of restriction-site polymorphisms (frequencies range 0.02-o. 13)) no deviation from neutrality could be detected when applying the test proposed by Tajima ( 1989) : D = -1.365, P > 0.1.
Linkage disequilibrium between restriction-site polymorphisms has been analyzed when the rarer variant is not unique in the population. Only two of the 10 pairwise comparisons show significant linkage disequilibrium at the 5% level (table 3) . See Hill and Robertson (1968) for discussion of r in linkage disequilibrium.
Comparison between Tenerife and European Populations
Rozas and AguadC ( 1990) have analyzed the rp49 region in two European populations of D. subobscuru. There was heterogeneity in the distribution of haplotypes and of restriction-site polymorphisms among but not within chromosomal classes. The data from the Tenerife population have therefore only been compared with the subset of O3+4 chromosomal gene arrangements from both European populations. Figure 2 shows the frequency of the rarer variant for each restriction-site polymorphism for Tenerife and European populations. Of eight restriction-site polymorphisms, four (i.e., 4,5,6, and 9) detected in Tenerife are not observed in the European populations, and two of these four (i.e., 6 and 9) are not unique.
All four length polymorphisms present in Tenerife are also present in the European populations. Nevertheless, for two of these four shared polymorphisms there are the following differences: (a) for length polymorphism 3, the most common variant in Tenerife is a rare variant in the European populations; and (b) for polymorphism 7, an additional length variant, absent from the European populations, occurred at relatively high frequency ( 11.1% ) in Tenerife. Figure 3 shows a network of restriction-site haplotypes, constructed by connecting haplotypes differing by only one or a few restriction sites. The following two important features emerge from this network: ( 1) only three of 12 haplotypes present in Tenerife (i.e., haplotypes 1, 2, and 18) are also present in the European populations. Two of these haplotypes (i.e., 1 and 2) are the most common ones in the European populations, and one of them (i.e., 1) is the most common in Tenerife. (2) Tenerife haplotypes are clustered. Both haplotype and nucleotide diversity were lower in Tenerife than in continental populations (table 4) .
To detect any population subdivision, we used the test proposed by Hudson et al. (submitted) . Once a statistic measuring genetic differentiation of subpopulations has been calculated from haplotype data, this test allows one to assess the statistical significance of the observed value. The statistic K,, a weighted average, over localities, Nei and Tajima (198 I) .
' Estimated according to the method of Nei and Tajima (1983) . Sampling variance was calculated according to the method of Lynch and Crease (1990) .
of the average number of differences between sequences from within a locality (IQ, has been used as a measure of genetic differentiation of localities. To test for departure of the hypothesis of structural homogeneity of two localities, we obtained permutations of the total number of observed haplotypes (n, + nz) and then randomly assigned them to subsamples of size 12, and n2. For each permutation the statistic KS is estimated. The associated probability (p) is the proportion of those estimated values that are less than the observed value. Table 5 gives the KS values and associated probabilities (for 1,000 permutations) for pairwise comparisons, both when all polymorphisms are considered and when only restriction-site polymorphisms are considered. The results suggest (a) that within the chromosomal class 03+4, Barcelona and Ter Ape1 are homogeneous but (b) that the Tenerife population is structurally different.
T
Discussion
The present study, using high-resolution restriction mapping (Kreitman and AguadC 1986 ) , suggests that for the rp49 region there is genetic differentiation between Canarian and European populations. This corroborates previous chromosomal (Prevosti 197 1, 1974; Prevosti et al. 1975 ), enzymatic (Cabrera et al. 1980 Larruga et al. 1983) , and mitochondrial DNA results ( Afonso et al. 1990 ).
Analysis of,both common and unique polymorphisms and haplotypes of the rp49 region indicate that Canarian populations have been long isolated from the mainland: first, several restriction-site and insertion/deletion polymorphisms found in relatively high frequency in Tenerife are not present at appreciable frequencies in the European populations; second (and conversely), when only restriction-site polymorphisms are considered, nine of 12 haplotypes detected in Tenerife are endemic; and, third, in the network these endemic haplotypes cluster. In Drosophila subobxuru the frequencies of some chromosomal arrangements vary clinally with latitude (Krimbas and Loukas 1980). However, the frequencies of allozyme polymorphisms within a chromosomal arrangement are in general homogeneous throughout Europe (Larruga and Pinsker 1984; Pinsker and Biihm 1989 ; for an exception, see Prevosti et al. 1983) , as are the frequencies of haplotypes and of restriction-site polymorphisms (Rozas and Aguade 1990) . For the rp49 region there is no evidence for population subdivision within chromosomal classes in continental populations; the population from Tenerife seems, however, to be genetically distinct. Such homogeneity within Europe may arise from the high dispersal capacity of D. subobscuru (Prevosti et al. 1987 (Prevosti et al. , 1988 Serra et al. 1987) . However, barriers to gene flow result in independent evolution on oceanic islands.
In the present study, estimated nucleotide diversity in the rp49 region is lower in Tenerife than in the European populations (table 4) . This could be due to a smaller effective population size on the islands. According to the infinite-site model of the neutral theory (Kimura 1983) ) where the expected heterozygosity is approximately equal to 4N,p, a higher level of heterozygosity would indicate a larger effective size, if the same mutation rate is assumed. Anomalously, mitochondrial DNA heterozygosity was actually higher in the Canarian as compared with European populations ( Afonso et al. 1990; ). Since there are no good methods available yet to test for differences in nucleotide diversity estimates, and because the variance of these estimates that is due to nucleotide and individual sampling is large (Lynch and Crease 1990) ) more data from both European and Canarian populations'are necessary before this discrepancy can be properly evaluated.
